ABSTRACT
Introduction

24
Variability in sea surface temperature (SST) regulates deep convection over 25 tropical oceans and influences atmospheric variability on a variety of timescales. On 26 intraseasonal time scales in particular, observational studies show the relevance of 27 interactions between atmospheric deep convection and the ocean mixed layer, with SST 28 anomalies generated by variations in surface turbulent and radiative fluxes (e.g. Waliser 29 In the boundary layer, linear interpolation is applied between the magnitude of W WTG at 112 the top of the boundary layer (whose height determined internally in the model by the 113 boundary layer scheme) and zero at the surface. 114
Once W WTG is obtained, it is used to advect temperature and moisture vertically at each 115 time step (e.g. Wang and Sobel 2011, Anber et al. 2014 Anber et al. , 2015 . 116
Note that in WTG, unlike in radiative-convective equilibrium (RCE), surface fluxes and 117 the vertically integrated radiative cooling are not in balance; the column budget of moist 118 static energy (or moist entropy) includes a term representing import or export by the 119 parameterized large-scale circulation (e.g. equation (2) The RCE experiment is run for almost 4 years, and equilibrium is achieved after 141 approximately 3 years of integration as shown in Figure 1 . The need for such a long 142 integration is a consequence of coupling between the surface and the atmosphere, as 143 explained by Cronin and Emanuel (2013). At equilibrium, the sea surface temperature is 144 299.75 K, the sum of the surface latent and sensible heat fluxes is 110.14 W m -2 , and the 145 mean precipitation is 3.5 mm day -1 . Equilibrium vertical profiles of potential temperature 146 and moisture from this run are shown in Figure 2a and The normalized gross moist stabilities of the time-averaged states are 1.7 for the 227 cases of H =10 cm, 1 m, and 10 m, and 0.46 for the case of H=50 m. In the 50 m case, the 228 difference between the surface fluxes and radiative cooling is small, as shown in Figure  229 4b. Thus the implied MSE export is small, and since the gross moist stability remains 230 significantly greater than zero, the precipitation is close to the surface evaporation. 231
Essentially, this solution is close to RCE, though it did not need to be by construction. vapor recovery is more than 20 days, during which precipitation is small and net radiative 297 cooling is nearly constant. The large scale vertical velocity (not shown) is descending, 298 suggesting that vertical advective drying is responsible for the slow recovery of column 299 water vapor and precipitation despite that the surface latent heat flux is not particularly 300 small. 301
The oscillations here are similar to those found in SG03 and MS04, but those 302 studies, unlike our here, did not consider the effects of vertical shear. The oscillatory 303 behavior in the coupled system in our simulations appears only if three ingredients are 304 present: coupling of a mixed layer slab ocean of sufficient depth, strong vertical shear, 305 and interactive radiation (no oscillations occur when radiative feedbacks are disabled, for 306 any magnitude of vertical shear or mixed layer depth). We performed experiments in 307 which only two of the three factors exist and no oscillatory behavior was found. 308
The role of the mixed layer depth was a focus of SG03 and MS04. These studies 309 found that there was an optimal mixed layer depth, on the order of 10-20 m, for which the 310 oscillations were strongest. For either greater or smaller mixed layer depths, the 311 oscillations' amplitudes (or growth rates, in the case of the linear model in SG03) 312 decreased, vanishing altogether for sufficiently small values. In addition to the results 313 shown above, we performed simulations (not shown) with a very shallow (H =10 cm) 314 mixed layer, and found no oscillations, in agreement with SG03 and MS04. When the 315 mixed layer is very shallow, insignificantly small heat storage causes the SST to adjust 316 very quickly to any change in the atmosphere. If convection is strong the SST will cool 317 quickly due to reduced surface shortwave and increased latent heat flux, while if 318 convection is absent the SST will warm quickly due to the opposite anomalies. The 319 oscillations require SST to anomalies to be sustained for days in the presence of surface 320 flux anomalies that oppose them, and this requires sufficient surface heat capacity. We 321 also performed simulations (not shown) with a very deep (H=500 m) mixed layer, and 322 found no oscillations in that case either, in qualitative agreement with SG03. This 323
indicates that, consistent with SG03, there is an optimal mixed layer depth where 324 oscillations are strongest. This is also qualitatively consistent with our finding that 325 smaller vertical wind shear is sufficient for the oscillations' development for the H= 10 m 326 case -in which oscillations occur at a shear of 15 m s -1 over 12 km -than in the others 327
shown above, though we did not attempt to determine the precise value of shear at which 328 the onset of oscillations occurs. 329
330
We also performed experiments in which the shear relaxation timescale was altered from 331 1 hour to 1 day. In this case, the oscillations' period decreased from 10 days (for the case 332 of H=1 m) to about 7 days as shown in Figure 9a , and b for SST and precipitation, 333 respectively. In this case, convective momentum transport now ( ρu'w' ) is able to more 334 substantially weaken the mean shear (shown in Figure 9d as upper level mean zonal wind 335 averaged over 10-12 km), which in turn causes the anvil stratiform to be less persistent. 336
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